Background. Few studies have tried to investigate the influence of socioeconomic inequalities on dental behaviors by considering the income and education levels as different dimensions of the independent variables in the adult Korean population.
Inequality in health is universally recognized as a major problem. [1] [2] [3] Numerous studies have investigated socioeconomic inequalities in oral health with various conceptual frameworks [4] [5] [6] [7] and theoretical models. [8] [9] [10] These theoretical models commonly describe oral health-related behaviors within the framework of socioeconomic status based on the social structure and the social environment to predict oral health status. 5, 6, 11 In Andersen's behavioral models, 12, 13 income and education had been regarded as different dimensions that determined dental behaviors such as health service utilization and personal health practices. Education was considered a predisposing characteristic that existed before disease and affected the propensity to seek dental care, while income was considered an enabling characteristic that affects an individual's ability to access the health care system by reducing financial barriers.
Several studies have demonstrated an inverse relationship between unfavorable health-related behaviors and oral health in the context of socioeconomic disparities, 11, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] which used various indicators for socioeconomic status such as the Index of Relative Socioeconomic Disadvantage (IRSD), 14 the poverty-income ratio, 15 and the Socioeconomic Disadvantage Index (SDI). 16 However, other studies have utilized household income 18 and/or head of household's social class. 17 For Korean adolescents, Jung et al. employed the Family Affluence Scale (FAS) to demonstrate the association between socioeconomic status and health-enhancing and health-comprising dental behaviors. 20 Various attempts to clarify the association between socioeconomic inequality and oral health related behaviors have also been made by clustering oral health behaviors. 23, 24 To identify the socioeconomic disparities in dental behaviors that play an important role on oral health status, the authors of this study selected income and education factors that represent different dimensions of "causes of the causes" leading to oral health outcomes based on Andersen's behavioral models. 11, 12 Each of the two variables as well as the combination of those components were utilized as independent variables. Until now, within the adult Korean population, few studies have tried to investigate the influence of socioeconomic inequalities on the frequency of tooth brushing and visits to dental clinics by considering income and education levels as different dimensions of independent variables.
Objectives
This study aimed to evaluate the association between monthly household income levels and educational achievement levels with oral health behaviors, such as the frequency of tooth brushing and the most recent dental visits, using a national representative sample for adult populations from South Korea.
Material and methods
The data was obtained from the 2006 Korean National Oral Health Survey (KNOHS), which surveyed 15,777 Koreans, of whom 4,546 were aged 18 years and older and had completed the interview questions. After excluding 663 records with missing values for the variables used in this study, 3,883 records were analyzed and were weighted to represent the whole population of Korean adults. 25 All participating individuals provided written informed consent and this study was conducted in accordance with the ethical principles of the Helsinki declaration. The study protocols were reviewed and approved by the Institutional Review Board of the Kyungpook National University in Daegu, Korea (approval number: 2016-0068).
Eight trained interviewers collected information on the participants' characteristics using standardized questionnaires. To describe the characteristics of the study population, the demographic information was investigated: age, gender, educational attainment, monthly household income, and residential area. Oral health-related behaviors included the frequency of tooth brushing, the use of dental care services (the time of the most recent dental checkups and the purpose of the most recentness of dental visits), and smoking.
Educational attainment was categorized into no formal education, 1 to 9 years of schooling, 10 to 12 years of schooling, and more than 12 years of schooling. Monthly household income was divided into 4 segments: low, middle-low, middle-high, and high. The cut-off points for each income segment were 1,090 US dollars (USD), 2,246 USD, and 3,575 USD. One US dollar was 925.80 Korean Won Currency (KRW) in December 2006.
Six levels of socioeconomic status were classified according to a combination of 4 income and 4 education categories: LEVEL 1 as low incomes with non-formal education group; LEVEL 2 as low or middle-low incomes with 0-9 years of schooling groups excluding LEVEL 1; Fig. 1 . Six levels of socioeconomic status from LEVEL 1 to LEVEL 6 according to a combination of monthly household income and educational achievement levels (N = 3.883) LEVEL 3 as middle-high or high incomes with 0-9 years of schooling groups; LEVEL 4 as low or middle-low incomes with 10 or more years of schooling groups; LEVEL 6 as a high incomes with 13 or more years of schooling group; and LEVEL 5 as middle-high or high incomes and 10 or more years of schooling groups excluding LEVEL 6 (Table 1 and Fig. 1 ).
Dental behaviors employed in the analyses were the frequency of tooth brushing and the time of the most recent dental visit. The frequent tooth brushing and the most recent dental visit were defined as 3 times or more per day and the dental visits within 1 year, respectively.
Data management was performed by Surveyfreq and Surveylogistic procedures using SAS 9.1.3 (SAS Institute Inc., Cary, NC, USA). Four logistic regression models were built to assess the relationship between different levels of socioeconomic status and the frequency of tooth brushing and the time of the most recent dental visits. Model 1 generated a crude association, model 2 generated the association after controlling for age alone, model 3 generated the association after controlling for another dental behavior, and finally, model 4 calculated the association after controlling for both of age and other dental behavior as confounding factors. p-values were calculated by Surveyfreq procedures and odds ratios (ORs) with 95% confidence intervals were estimated by Surveylogistic procedures.
Results
The average age of the study population was 42.5 years old (range from 18 to 91). Half of the respondents brushed their teeth twice a day and approximately 40% did so 3 times or more. About 40% of the subjects had visited dental clinics within 1 year. Of the 1,445 respondents who answered the questionnaire about the purpose of the recent dental visits, only 20% visited the dental clinic for preventive purposes. One quarter of the subjects had a regular smoking habit (Table 2) .
High levels of monthly household income and educational achievement were independently related to the frequent tooth brushing and the frequent dental visits. More than 15% of the participants with no education had brushed their teeth more than 3 times a day, and the proportion of the frequent tooth brushing increased as the level of education increased. The frequent dental checkups also increased with the level of education. About a quarter of individuals in the lowest income group brushed their n -unweighted number, % -weighted percent; * Cut-off points were 1.090 USD, 2.246 USD, and 3.573 USD in order.
teeth 3 times or more per day, and the proportion of people getting dental check-ups within one year increased along with the level of monthly household income (Fig. 2) . Lower levels of socioeconomic status were inversely related to frequent tooth brushing. The ORs for more than 3 times tooth brushing per day increased with the gradients of income and education except for LEVEL 3 (middle-high or high income with less than a 10 year-education) and was statistically significant at each level. The ORs for tooth brushing frequencies were a bit increased after controlling for all confounders, and the linear relationship was slightly attenuated compared to a crude association (Table 3) .
Lower levels of socioeconomic status were also adversely related to the frequent dental visits. The ORs for having dental visits within one year increased with the gradients of income and education except for LEVEL 1 (low income with no education) and was statistically significant at each level. A linear association became clear after controlling for the confounders, especially age, but was still interrupted by LEVEL 1 ( Table 4) .
Discussion
The results from this study are consistent with previous studies that manifested an association between socioeconomic status and oral health-related behaviors. 15, 16, 20, 26 Aleksejuniene et al. indicated that socioeconomic status has a significant effect on oral hygiene behaviors and dental visit patterns using structural equation modeling. 26 Sabbah et al. noted that socioeconomic inequalities in health-related behaviors and poorer health-related behaviors were more common among those less educated and those with lower incomes. 15 Wamala et al. reported that financial barriers limit access to healthcare services and also contribute to health inequalities, even though people having socioeconomic disadvantages needed dental care, were not afraid of the dentist, and had the time to access dental treatment. 16 It is noteworthy that Andersen's behavioral models set income and education into separate dimensions, which were designated as enabling factors and predisposing factors, although some conceptual frameworks 5 for analyzing the determinants of dental caries designated income and education as a socioeconomic or sociocultural factor associated with oral health status.
Interestingly, the ORs for the frequent tooth brushing and the recentness of the dental visits were higher at LEV-EL 4 than at LEVEL 3 in all regression models. Individuals at LEVEL 4 had lower incomes but were better educated than those at LEVEL 3, and consequently showed better dental behaviors, including tooth brushing and dental checkups. Baldani et al. emphasized education, such as access to school and a regular source of health care, rather than family monthly income as determinants of dental care utilization. 21 The ORs for the recent dental visits were higher in LEVEL 3 than in LEVEL 2, while those for tooth brushing frequencies were even lower in LEVEL 3 than in LEVEL 2 in all regression models. Thus, these results support the fact that income is a strong and independent predictor of health service utilization. 27 Previous studies have consistently shown that insured and high-income individuals utilized dental services more frequently than their Table 3 . Associations between the income and education levels and the frequency of daily tooth brushing after adjusting for age and/or the most recent dental visits 1.000 -1.000 -1.000 -1.000 -OR -odds ratio, CI -confidence intervals; Model 1 -crude association; Model 2 -adjusting for age; Model 3 -adjusting for the most recent dental visits; Model 4 -adjusting for age and the most recent dental visits. counterparts. 28 It is obvious that potential access is simply defined as the presence of enabling resources. Having enabling resources provides the means for use of services, and increases the likelihood that service use will take place. 12 In addition, the fact that the ORs for the frequency of brushing particularly dropped in LEVEL 3 implies that frequency of tooth brushing does not increase as incomes rise in groups with less than 10 years of schooling. It is also noteworthy that even more than 15% of nonregularly educated participants brush their teeth three times or more per day. This phenomenon may be related to the tooth brushing campaigns in Korea which highlight at tooth brushing least 3 times per day after each meal. 29 The present study found that the higher ORs were shown in LEVEL 1 compared to LEVEL 2 in the association between various socioeconomic statuses and recent dental visits. This result was in accordance with the result of a similar study for the adolescent Korean population. Jung et al. reported that the linear association between socioeconomic status and visiting a dental clinic was interrupted with the lowest FAS score of 0, since subjects with a score of 0 had visited dental clinics more frequently than those with a score of 1 or 2. 20 The authors of the present study postulated reasons why a similar phenomenon had also occurred. Individuals belonging to the lowest level of socioeconomic status were more likely to have poor oral health consequences that led to more frequent dental treatment. The authors' assumption is closely related to the limitations of this study.
A major problem of this study is its cross-sectional design. Findings from this study provide only an association between the exposure and outcome variables and do not allow causal inference. This study employed the combination of income levels and education levels as indicators of socioeconomic status, instead of a new indicator of individual socioeconomic status. In addition, the cut-off points for income levels were calculated within the study population so that those figures might not actually reflect income distributions for Korean adults but only showed the distributions for the participants of the present study, even though the dataset was a large national sample of the adult Korean population.
In spite of its limitations, this study confirmed the socioeconomic inequalities associated with dental behaviors in the adult Korean population. Almost linear patterns were shown between the levels of income and education and dental behaviors such as tooth brushing frequencies and the recent dental visits. In addition, the total monthly family income and educational attainment were found to be different predictive variables each being related to dental behaviors, one as an enabling factor and the other as a predisposing factor. Indeed, 3,883 records included in this analysis may not be sufficient to represent the adult Korean population, but these are valuable as an early national survey conducted by the Korean government. In addition, the results of this study will serve as a basis for analyzing dental behavior patterns of the Korean adults from past to present.
Numerous studies have been conducted to improve oral health status and effective implications have been suggested over the world. 3, 30 Further studies are needed to provide more information on individual and contextual determinants of dental behaviors, both of which play an important role in the oral health status of the Korean population.
Conclusions
High levels of monthly household income and educational achievement were independently related to frequent tooth brushing and the recentness of the dental visits in the adult Korean population. Low levels of socioeconomic status were inversely related to the frequency of tooth brushing and of these, except for the lowest one, were also adversely related to the most recent dental visits. Interestingly, individuals with lower incomes but with higher education showed better dental behaviors including tooth brushing and dental visits than those with higher incomes but with lower education. The findings of this study could help in acknowledging the different characteristics of income and education as contributing factors leading to oral health behaviors in the adult Korean population. Table 4 . Associations between income and education levels and the most recent dental visits after adjusting for age and/or the frequency of daily tooth brushing 
